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RADIATION
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!

by

F. W. Brown, IlI.

ABSTRACT

An investigation was undertaken to determine the probability of ignition of
thick woods by thermal radiation. A carbon-arc source was used to simulate the
thermal radiation from a nuclear weapon.

Measurements were made to determine the irradiance and time necessary to
produce glow and flaming ignition in ponderosa pine, Douglas fir, and maple. The
results of this study are presented in the form of graphs of irradiance as a function of
time o1 several moistuie contents for each type of wood. In all cases on the graphs,
the locations of the areas of char, persistent glowing ignition, and persistent flaming
ignition are shown, The values of Q, total thermal energy necessary to produce
sustained burning (with or without flame), can be easily computed from these data.
They range from a minimum value of about 19 cal cm? for very dry pine to several
thousand calories’ cm? for wood with a very high moisture content. It was concluded
that for sound solid woods of o normal moisture content, it is almost impossible to
start continued grition with nuclear weapons of a size less than about 100 Mt at a
distance where blast damage would not be severe. An appendix describes the high-
inten,ity thermal-radiation facility used to conduct the investigation,
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INTRODUCTION

It is known from previous studies112,3,4 that fires can result from the thermal
radiation given off by a nuclear-weapon explosion at a distance where the blast
damage is not extreme. These fires are generally started in fine kindling fuels, such
os paper or rotted punky wood. Other investigators have done experimental work
on incendiary effects with wood cribs and on the spread of fires in beds of pine
needles.2/ Also, much experimental work has been done and is still being done on
the ignition characteristics of thin films of alpha cellulose by Butler, Martin, Broido,
and others.”

Little work has been done, however, on the ignition of thick wood specimens
by thermal radiation from nuclear weapons. Outside the 2-psi blast-wave level,
almost without exception, the fires that are started in solid wood are of only a tran-
sient nature. This is because the body of the wood is not heated to a high enough
temperature8 to allow the fire or glowing ignition to continue after the removal of
the external heat source. There exists the possibility tha: fires may ke started and
sustained in cracks in such wood. In general, however, t-is has not proved to te the
case.? 10 An explanation may be that the thermal conductivity of wood surrounding
such cracks is great enough to prevent the wood from iising to a temperature! ! where
combustion will be sustained.

Very large nuclear weapons of one hundred to a thousand me?ctons and larger,
could be detonated at a height where no appreciable blast damage !2 would be caused.
Rogers!3, and Miller and Passell'4 at Stanford Research Institute have colculated the.
level of thermal radiation reaching the ground from these very large weapons. Our
experiments show that glow or flaming ignition could be initiated by such values of
irradiance,

Fires can be started in solid timbers which are exposed to low levels of irradiance
for long periods such as would exist in large fires or in fire storms or conflagrations such
as occurred at Hamburg, Hiroshima, and the fires at Ottawa and Hul! 15 in Canada. The
complete consumption of all combustible material in such fires indicates that sound
heavy timbers will burn to destruction if they are raised to a high enough temperature
throughout their entire volume,

EXPERIMENTAL PROCEDURE

The woods that were tested were ponderosa pine, Douglas fir, and maple, The
wood samples were 3/8 of or inch in diameter and 1/2 inch long, with the growth
rings parallel to the front surface of the sample. Nomal kiln-dried wood was pro-
cured for test material, and it has @ moisture content of about 8 to 10%,



The percentage moisture content was calculated by a method devised by the
U. S. Forest Products Laboratory. This method is described in the Wood Handbook. 16
The sample was weighed after it had been taken out of the conditioning chamber.
Then it was placed in an oven which operated at a temperature of between 214 and
221°F until its weight (dry) reached a constant value. The percentage of moisture
content is described as

sample weight - oven-dry weight

oven-dry weight 0

Some samples of ponderosa pine were tested to determine their glow-ignition
limits after they had been dried in the oven according to the U, S. Forest Service
procedure described above. These oven-dried samples gave unreliable results. There-
fore, it was decided to remove the water from the wood samples by placing them in a
dessiccator over phosphorus pentoxide (P205). With these samples, reliable test results
were obtained. It was found that these sampies had 3% moisture content when tested
by the Forest Service oven drying test., This 3% was probably not water, but volatile
constituents of the wood. After this, all "dry" samples for testing for glow ignition
were dried over phosphorus pentoxide or Dehydrite* to reduce their moisture content
to @ minimum without affecting their volatile constituents, Other samples were pre-
pared by placing them in the environmental test chamber of the laboratory, which has
a relative humidity of 100% and o temperature of 70°F, After varying lengths of time,
the samples were removed and their moisture content was determined. The percentage
moisture content was calculated as described above after the sample had been dried
in an oven at a temperature betveen 214 and 221°F,

PROCEDURE FOR EXPOSING THE TEST SAMPLES TO THERMAL RADIATION

A wocd sample, either ponderosa pine, Douglas fir, or maple that had the
moishre content that was to be tested was selected. The wood samples of a desired
moisture content were storea in rubber-stoopered jars until needed. First a value of
irradiance was selec:ed for u particular experiment. A combination of the wire
screens** was selected to give the desired value of irradiance for the experiment, A
water-cooled radiometer was placed in the somple position to measure the value of
irradiance, |t was removed and rhe test sample put in the same olace. A time for
exposure was selected, and the sample was exposed. The res.it of the experime:.t was
recorded, as well as the kind of wood, the moisture content, the irradiance value, <~a
the exposure time.

* Available as a dehydrating agent from A, H. Thomas & Co., Philadelphia; similar
in its properties to phosphorus pentoxide.
** See the Appendix for a description of the exposure device,




To determine an experimental point, at least three (and in some cases as many
as 14) identical exposures were made, In cases where several exposures were made,
the result recorded was that which happened to the largest percentage of the samples
tested, This procedure was followed using increasing times of exposure until 40 seconds
was reached, A different value of irradiance was then selected by changing the
screens, and the same procedure was repeated, This method was repeated until all
the necessary data were obtained to show the thermal response of the wood chosen.

The boundaries of the regions where glow and flaming ignition occurred
received special attention. Many points were obtained in these regions that are
not shown on the graphs because of crowding. The glow- and flaming-ignition limits
were determined if they were within the capacity of the apparatus.

Glow ignition was originally defined as any glow in the solid wood that lasted
for more than 5 seconds. Understandably, with longer exposures, the glowing of
samples persisted over longer periods. In fact, some samples glowed for over 60 seconds,
which resulted in the complete destruction of the sample.

Graphs for the various woods, with the irradiance as the ordinate and time as
the abscissa, are given for several values of moisture content for each wood, Early
in the investigation, when ponderosa pine was being tested, the time that glow igni-
tion persisted was not always recorded, If the sample glowed for 5 seconds or more,
it was reported as glow ignition, Later, when Douglas fir and maple were used as
samples, the time for glow ignition was recorded and was shown by appropriate sym-
bols on the graphs.

Due to variations of the arc, the values of irradiance generally have on accuracy
of about +4%, Under bad operating conditions it may be noi worse than 5%, This
uncertainty is caused by the variation of the radiant emissive power of the arc. This
power varies from time to time due to the motion of the positive carbon in the lamp
mechanism during the automatic-feeding process. There are also small nonsystematic
errors in the timing, which should not exceed 1%. Thus, the overall accuracy of the
exposures are conservatively estimated to be about +5%.

Some of the exposures on ponderosa pine were repeated after a period of about
one year, and the values were found to correspond to the values found originally
within the stated experimental error,

Originally, a class of ignition phenomena described as ash ignition was used.
Since this phenomenor. is short-lived (5 to 15 seconds), and the mass of material
involved is very small, the probability of any fire being caused by it is very slight.
All samples that "ash-ignited" are now reported as "char,"

INVESTIGATION OF VARIOUS WOODS

Pornderosa Pine

Ponderosa pine was the first wood to be investigated, and the limits of glow
ignition were determined for several moisture contents, These are shown in Figures |
through 5. In addition to the glow=ignition limits, the limits for flaming ignition are



also included on these graphs. In all cases where glow ignition or flaming ignition
occurs, the body of the wood had to be raised to a temperature high enough for com-
bustion to be sustained. This temperature is in the neighborhood of 600°C.17 The
points of glow ignition have been plotted to indicate the time during which the glow
persisted, As greater amounts of energy are delivered to the sample, the glow ignition
persists for a longer time, and finally, if the amount of energy delivered is sufficient,
the sample will spontaneously ignite and remain burning until it is completely destroyed.

Table | lists the samples of ponderosa pine that were tested and their moisture
contents. Also given is the number of the figure showing ig- ition behavior of each
sample. A 3% moisture content would correspond to wood that has been exposed a
long time in a desert environment. Glow ignition or flaming ignition can be initiated
in these samples with the lowest energy (about 20 cal ecm=2) of any of the wood sam-
ples that were tested.

Table |. Ponderosa Pine

Sample Moisture Content (%) Figure No.
Dried over P,O4 3.0 ]
Kiln dried 9.6 2
75% RH room 12.3 3
95% RH room 75 4
100% RH room 100 5

Figure 1 shows the response of ponderosa pine dried over phosphorus pentoxide
until the wood had a moisture content of 3%. A curve was drawn between the points
corresponding to the wood that was not ignited and the wood that was ignited by the
thermal-radiation exposure. For short exposure times, there was no glow ignition;
either the wood caught fire or simply charred. For the longer exposure times and low
irradiance values, glow ignition did occur,

Figure 2 shows the response of kiln-dried ponderosa pine as received from
the supplier. It had a moisture content of 9.6%.. The curve shows areas where
char, glow ignition, and flaming ignition occurred. At some values of irradiance
(i.e., 10 cal/cm2/sec) the wood first chars, then glow=ignites, and then, with longer
exposure times, it bursts into flaming ignition, The lines separating char, glow igni-
tion, and flaming ignition are approximately straight on the log-log plot. In several
instances, when the wood sample was exposed to a very high level of irradiance it
received enough energy in a short time to cause a short transient ignition during
exposure, but the ignition did not continue after the exposure was terminated. The
reason for this is that sufficient heat could not be conducted into the body of the
wood sample to raise it to a temperature where persistent ignition could occur. The
wood at the suiface was simply ablated.



Figure 3 shows the response of ponderosa pine with a moisture content of 12,3%.
At this moisture cocntent, glow ignition and char were the principal responses. There
are three points for flaming ignition. If higher irradiances had been tried at around
20 or 30 seconds, the curve would be extended upward similar to the curve in Figure 2
for the kiln-dried lumber,

Figu-e 4 is the response of ponderosa pine with a moisture content of 75%. This
wood exhibited no flaming ignition, only glow ignition and char.

Figure 5 is the response of ponderosa pine with a moisture content of 100%. It
shows the same effect as Figure 4, only to a greater degree,

Douglas Fir
The Douglas fir samples that were tested are shown in Table |I.

Table Il. Douglas Fir

Sample Moisture Content (%) Figure No.
Dried over Dehydrite 0.8 6
Kiln-dried 9.2 7
100% RH room 16.0 8
100% RH room 23.2 9
100% RH room 101.0 10

Figure 6 shows the response to thermal radiation of Douglas fir samples dried
in a desiccator over Dehydrite, They had a moisture content of 0.8%., Upon thermal
exposure, the samples either became charred or burst into flame which continued for
5 to 75 seconds. In the latter case, practically nothing of the saomple remained. In
general, the exposure time for the sample to become ignited decreased wi'h an increase
in the irradiance. At very low irradiance levels the samples merely charred, even
after an exposure as long as 40 seconds. In no case was glow ignition observed.

Figure 7 is for kiln-dried Douglas fir, This had a moisture content of 9.2%. As
in the case of the samples that were dehydrated, there were no instances of glow igni-
tion. The wood either charred or burst into flame. The lines separating the samples
that charred and the samples that burst into flame are similar to the curve in Figure 2
for the glow ignition of ponderosa pine. These curves cannot be compared quantita-
tively, because they are for a different reaction. One is glow ignition and the other
is flaming ignition,

Figure 8 shows the response to thermal radiation of the Douglas fir samples with
a 16% moisture content. This set of samples showed examples of char, glow ignition,
and flaming ignition, It is difficult to draw any curve through these points. However,
there is generally a tendency for more damage to occur at the higher levels of irradi-

ance,



Figure 9 shows the thermal response of Douglas fir with 23.2% moisture content,
These samples were either charred or glow-ignited. There were no examples of fluming
ignition,

Figure 10 shows the response of Douglas fir with 101% moisture content, The
somples in this experiment either charred or glow-ignited. There were no examples of
flaming ignition in this experiment,

Maple
Maple samples were prepared in exactly the same manner as the two other woods

tested. Table 11l shows the various maple samples tested along with the number of the
figure showing their response to exposures to thermal radiation.

Table 1ll. Maple

Sample Moisture Content (%) Figure No.
Dried over Dehydrite 2.7 11
Kiln=-Dried 9.2 12
100% RH room 17.2 13
100% RH room 25.2 14
100% RH room 43.6 15

The kiln-dried mapie as received from the lumber yard had a moisture content
of approximately 9.2%. Compared with the other wood samples, the maple samples
presented difficulties in either drying them out or increasing their moisture content,
Specimens of ~«aple were placed in a desiccator over Dehydrite for approximately
two months, and the moisture content could be reduced only to 2.7%. The samples
placed in the 100% RH chamber had a moisture conient of only 43.6% after 24 days
of exposure in this chamber.

The responses of the kiln-dried saomples (moisture content 9.2%) of rxaple to
thermal radiation, in general, are qualitatively similar to those of ponderosa pine.
The behavior of the maple samples dried over Dehydrite (2.7% moisture content)
differed markedly from that of the 3% moisture content samples of ponderosa pine.

In general, it took about four times the amount of energy to produce in the maple the
same effect that occurred in the ponderosa pine. In the kiln-dried maple samples,

the same effects were produced at approximately twice the energy delivered to the
ponderosa pine samples. The curves for maple show a good delineation between glow
ignition, char, and flaming ignition, For the kiln-dried maple, there is a large region
in which glow ignition can occur, With increasing moisture content, the flaming igni-
tion area decreases to practically the vanishing point at the highest moisture content,
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EXPERIMENTS CONDUCTED TO SIMULATE THE EFFECTS OF CRACKS AND CREVICES

Previous work 18,19 suggested that fires could be started more easily by thermol
radiation from a nuclear weapon in cracks or holes in solid wood. Since no source of
parallel radiation of sufficient intensity to simulate the thermal radiation from a nuclear
weapon was available, a method was devised to obtain light which was less convergent
than that used in the first series of experiments, Samples with and without holes were
exposed to a beam of smaller convergence to determine whether or not any difference
existed in their response to thermal-radiation exposures.

An aperture 30 inches in diameter was cut in un aluminum screen. This was
placed in the parallel beam between the mirrors, cutting down the convergence of the
beam from a 120~degree angle to approximately 90 degrees. Samples of ponderosa
pine were prepared with a 90-degree hole countersunk in the center of the plane sur-
face facing the beam, A sample holder was placed so that the axis of the 90-degree
converging radiation was perpendicular to the surface of the sample,. A series of
samples with and without holes were run at various irradiances. No great differences
were noted in the time required for irradiance to start glow ignition, In all instances
where glow ignition occurred, it was on the front edges of the sample and not in the
hole.

From these preliminary experiments, it has been concluded that cracks or crevices
in solid wood samp!es probably will not greatly influence the ignitability ot wood from
thermal energy received from a nuclear detonation, When plane parallel radiation is
incident on a sample which has a crack or crevice in it, the radiation may penetrate
the crack or crevice and be absorbed there, as well as in the wood on the front sur-
face of the sample. However, the large mass of wood surrounding the crack or crevice
will rapidly conduct away any heat absorbed in the crack or crevice. Therefore, the
wood around the crack in the sample will not reach the temperature necessary for
sustained glowing or flaming i?nition any more quickly or easily than simple plane
solid wood, Actual field tests!8 of samples with grooves and holes showed less damage
in grooves with the smallest included angles, confirming our findings.

COMPARISON WITH OTHER WORK ON CELLULOSIC MATERIALS

Plots of the normalized radiant exposure (Q/PCL) as a function of the normalized
irradiance (HL/K), are shown in Figures 16, 17, and 18, The dimensions and names of
the quantities involved are tabulated below. These results were computed from the raw
data by computer. The computer print-out is available on special request from the
U. S. Noaval Civil Engineering Laboratory Techrical Library,

Q = Exposure in cal ecm=2 P = Density in gm cm™3

C = Specific heat in cal gm™! (°C)=! L = Thickness in cm

H = lrradionce in cal cm~2 sec™] K = Thermal conductivity cal sec” ! em=2(°C~lem)
7

Sr o



In general, for glow or flaming ignition, larger values of the nomalized
radiant exposure (NRE) and normalized irradiance (NI) are required than for mate-
rials that simply char. The regions of flaming ignition, glow ignition, and char on
these graphs are well defined, ard in general the curves separating the regions have
a positive slope. The values of these two parameters, NRE and NI, are greater than
those reported by Martin20 for his experiments with the alpha cellulose. This is to be
expected, for the samples used in our experiments were over an order of magnitude
thicker than the samples used in Martin's experiments, If one extrapolates Martin's
ignition-behavior curves, they enter into the region where our data for char (or igni-
tion) and glow or flaming ignition (persistent ignition) are plotted.

CORRELATION OF SQUARE-WAVE EXPOSURES WITH WEAPON EXPOSURES

Since all our data are for square-wave exposures, these values should be
converted to the exposures expected from nuclear weapons. There is no simple
method for doing this exactly; however, the following method has been suggested as
a useful approximation,

To convert the square-wave exposures to equivalent weapon exposures for
approximately the equal effect, one uses the following relations:2!

te = 4ty (1)

Hy = 0.6 Hp, (2)
w=t 2 (3)
Q = Ht, (4)
where t, = time of square-wave exposure (sec) '
tmy = time of second maximum of weapon (sec)
H, = irradiance of square wave (cal cm=2 sec™ 1)
H,, = irradiancs of -econd maximum equivalent weapon pulse (cal em™2 sec™!)

W = the yield of weapon (megatons)

Q = the thermal energy (cal cm=2)

| From the time of the square wave, t, one can calculate the equivalent weapon
yield, W:

i,

wo= (5)
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From the equivalent weapon yield and the thermal energy, Q, received, one can
calculate the distance, D, in miles by means of figure 7.105 (Glasstone22). Knowing
D and W, one can calculate the overpressure, P, in pounds per square inch at the dis-
tance, D, by use of the equation and graph in Glasstone.23

In order to make practical use of these data, one has to convert the experimental
values of time and irradiance into the values of weapon yield, the distance from the
weapon, and the values of thermal energy and peak overpressure that can be expected
there. Figures 1 through 16 give the experimentally determined values of t; and H, for
the regions where threshold glow ignition can be expected.

In order to make these conversions, Equations 1 through 5 must be used, as well
as the figures and equations mentioned in References 22 and 23. However, the Nuclear
Bomb Effects Computer, attached to the back cover of Glasstone's 1964 edition, is more
convenient to use for these computations. For bombs of a yield greater than 20 mega-
tons, it is necessary to extrapolate to find the distance. This can be done by plotting
the previously computed data (see Figure 19). The values of overpressure for yields
greater than 20 megatons may be computed by the Bomb Damage Computer prepared by
the Rand Corporation, Santa Monica, California,

As an example, the values tor the threshold of glow ignition (Figure 2) for kiln-
dried ponderosa pine have been calculated for several of the points on the graph. The
resulting weapon yields, distances, pressures, and thermal energy received are shown in

Table IV.

Table IV. Threshold Glow Ignition of Kiln-Dried Ponderosa Pine

t = Hy Q W D P
40 10 1.5 60 100 32 2.2
30 7.5 1.8 54 56 24 2.5
20 5 4.0 80 25 15 4
16 4 5.5 88 16 11 5
9.5 2.4 10 95 6 6.4 7

All the other data can be reduced in a similar manner for the various effects
measured and the weapon size and distance found to produce this effect.

Admittedly, the equations used to relate square-wave pulses to equivalent
weapons are probably accurate only to within a factor of two, Nevertheless, it can
be reasonably concluded that weapons corresponding to the square-wave pulses pro-
ducing sustained ignition in the woods studied would produce significant blast damage
if the weapon yield was less than 100 megatons,



FINDINGS AND CONCLUSIONS

1. At distances where blast domage to wooden structures is not severe, it is highly
improbable that sound solid wood will be ignited by the thermal radiation from nuclear
weapons with a yield of less than 100 megatons. Therefore, it appears that there is no
need to continue experiments with thick wood samples using high-temperature high-
intensity thermal radiation.

2. Wood which has a high moisture content or a high density is more difficult to
ignite than dry wood or wood with a low density.

3. When Douglos fir was dry, the wood either charred or flame-ignited; it only
glow-ignited if the moisture was greater than 20%. Glow ignition occurred even
in the driest samples of both ponderosa pine and maple (about 3% moisture content).

4. Holes or cracks appear to have no appreciable effect on the glow-ignition limits
of sound wood.
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Appendix

HIGH-INTENSITY THERMAL-RADIATION FACILITY AT NCEL

INTRODUCTION

When a nuclear weapon is detonated in the atmosphere, it emits large
quantities of thermal radiation in the optical region.172,3,4 During this emission,
the radiation corresponds to that of a black body of about 6,000 K (approximating
the spectral distribution of solar energy received on earth). 49 In any study of the
thermal-radiation effects of nuclear weapons, only the radiation in the spectral
region from about 3,000 A:7,8 15 2.5 microns needs to be considered, since this
region has about 95 percent of the total thermal energy emitted in a nuclear detona-
tion,

The ultraviolet end of the spectrum is terminated by the absorption of the air,
and significant amounts of energy are received only at wavelengths greater than
3,000 A.6.7 Similarly, water vapor and carbon dioxide in the atmosphere absorb
practically all of the infrared radiation at wavelengths greater than 2.5 microns,

High-intensity carbon arcs have practically the same spectral energy distribution
as solar radiation or a nuclear weapon detonated in the atmosphere. 10,11 They have
a very high intrinsic brightness and color temperature (6,000 K) and a relatively stable
output of radiant energy as a function of time, Carbon-arc lamps have been found to
be extreme!y well suited for laboratory experiments in thermal radiation. These arcs
are readily available, having been used by the armed forces as light sources for
searchlights, as well as for projection of motion pictures. They are being used, with
various mirror arrangements, in laboratory experiments to simulate the thermal radia-
tion delivered by nuclear weapons,

The effects produced by carbon-arc sources in the laboratory and the effects
of thermal radiation from nuclear weapons in the field have shown good correlation. 12
In foct, there has been such good correlation that one can, with confidence, extrap-
olate loboratory exposures made with carbon arcs to exposures received from the
detonation of a nuclear weapon. Consequently, the high-intensity thermal-radiation
facility can be used for various tasks assigned to NCEL by BuDocks. A typical example
is the determination of the glow=ignition limits of several types of thick wood samples.

EQUIPMENT

The thermal-radiation facility at NCEL uses an Amy high-intensity carbon-arc
lamp, moc ‘fied by the Mole Richardson Company, with two paraboloidal 60-inch-
diameter mirrors to concentrate the radiation,
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The components for this equipment were obtained from the Naval Rudiological
Defense Laboratory in San Francisco and arranged (Figure 20) in a fashion similar to
that described by Butler, 10,13

This equipment was modified by incorporating an air-operated shutter with
timing controls so that the system was essentially like that described by Day et al 14
In the carbon-arc lamp, both the positive and negative carbon holders were replacec
by water-cooled holders. The positive carbon holder is a pure silver, hollow, machined
casting. Silver was used rather than copper, because silver oxide is a good electrical
conductor, whereas copper oxide exhibits irregular electrical conductivity when used
as a positive carbon holder. A water-cooled silver positive electrode gives a more
uniform light output and permits operation of the lamp at much higher cuirents than
ar air-cooled copper positive electrode,

The thermal-radiation facility at NCEL is best shown by the following drawings
and photographs,

Figure 20 indicates the general layout of the entire facility. Figure 21 shows
the complete thermal-radiation system in operation. Figure 22(a) is ar. isometric view
of a plane through the best tocus of the collimating (collecting) mirror perpendicular
to Z, the optic axis of the system, The spatial distribution of thermal energy near the
focus of this mirror is shown in Figure 22(b), (c), and (d). The plane in Figure 22(a)
has two directors, x and y, at right angles to each other and to Z, The intensity in
arbitrary units (100 at the best focus) is plotted as a function of distance from the
optic axis, These curves are very similar to those published by other authors. The
only unusual feature is the rather large depth of focus in the Z direction. The inten-
sity is almost constant for a distance of about 3/8 inch near the focus along the Z axis,
This means if the 1/2-inch sample is placed at a point close to Z = 3/8 inch toward
the mirror, as the sample burns back, the intensity will be relatively constant for
almost its entire length,

Figure 23 is a view looking toward the arc and collimating mirror, It shows
the various attenuating screens, not as they are normally used, but positioned to
reveal all the screens. In normal use, one or more of the screens would be all the
way down, intercepting the entire beam of radiation being reflected by the colli-
mating mirror, These screens give measured attenuation steps from 0.8 to 0,025, If
the aluminum attenuating plate shown in Figure 24 (C') is used, the atteruation can
be increased to 0,0018, Various combinations of these screens will give almost any
desired irradiation up to the maximum value. At the present time, this is about
80 cal/cm? sec. The mirrors are badly corroded and will be replaced with newly
aluminized mirrors, now on hand, when Figher values of irradiance are desired.,

Figure 24 shows the concentrating mirror with the exposure table and the contiol
console. In the background, the aluminum attenuating plate with holes can be .-
This plate is also useful for focusing and lining up the optical system,

Figure 25 shows the carbon-arc lamp with its watei=cooling hoses and drive rods,
The water-cooled silver positive head, H, holds the positive carbon in its normal oper-
ating position. The water-cooled negative carbon holder electrode, 1, is in its normal
operating position,

33




Figures 24 and 26 show views of the exposure platform, F, with the water-
cooled beam-defining aperture, G, water-cooled dowser, P, and air~driven shutters,
3) and 5, :
To make an exposure, the water-cooled dowser, which protects the shutter ,.
blades, moves to the right to the position shown in Figure 20. When it is at the end
of its travel, a microswitch is closed, which opens shutter blade Sy. After a time pre-
set by the control timer on the console, shutter blade S, is closed, and the dowser
closes to protect the light aluminum shutter blades. The exposure time can be auto-
matically controlled for exposures from 0,04 to about 10 seconds, and manually
controlled for exposures as long as may be desired. The times are all measured on
the electric clock timer, which reads to 1/100 second. This can be seen in Figure 23,
as can the automatic timer for controlling the shutter,
Figure 27 shows the following: A sample, S, in its holder; the beam-defining
aperture, G; and one of the shutter blades closed, with its driving crank mechanism. \

OPERATICN

The procedure tor exposir.g a .ample is as follows: First, an exposure intensity
is selected, and an appropriate combination of screens is placed in the parallel beam
from the carbon-arc source. An appropriate time is selected. A water-cooled calori-
meter is placed at the exposure position of the beam-defining aperture. The intensity
of the beam is measured at this focus. If it is not the desired intensity, the attenuating
screens are changed until the desired intensity is achieved, The sampic is placed in
the exposure position, The exposure is made, the time recorded, and the effect on
the sample observed. This procedure is followed in making thermal-radiation studies.
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Figure 23. The arc source showing all attenuating screens and control console with
timer, K, and clock, J.
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Figure 25. Arc lamp showing water-cooled positive carbon holder, H, and
negative carbon holder, 1, with power leads and positive-carbon-
positioning system,

41



‘q “1esmop p3|002-13}bM

"9 ‘aunjiado Bujuljep-wpag pa|ood-1a)pm pup

A4S pup lg si

e

a44nys ‘4 ‘wioyp|d ainsodxa JO M3IA UDBY *9gz 2inBi4

bEERE D

42



‘uolyisod aunsodxa ul ‘g ‘uswioads pup ‘7 “iepjoy uswidads ‘o) ‘ainyiadp Bulul jop-wpaq

pajood-1ajom ‘lg ‘epp|q sa4inys suo ‘q “iouiw Buisuspuod Buimoys wioyp|d sinsodxas ay) */z <4

614

43



BLANK PAGE



Unclassified
Security Classification

DOCUMENT CONTROL DATA - RAD

(Security clasasiticetian of title body of abstract and indening arolation must be entered when the overal! repert 18 classsified)

1 ORIGINATING ACTIVITY (Corporete suthor) 28 MEPORY SECUNITY C LASSIFICATION
U. S. Noval Civil Engineering Laboratory Unclossified
Port Hueneme, California 28 emour

3 REPORT TITLE

Ignition of Thick Wood Specimens by High-Temperature Thermal Radiation

4 DESCRIPTIVE NOTES (Type of report and inclusive dates)

Final; Jonuary 1963 - Mgy 1965

$ AUTNONR(S) (Last name. hret nase initial)

Brown, IlI, F. W,

¢ REPORY DATE Te TOYAL MO OF PaGES 78 MO OF agrs
November 1965 52 37
S8 CONTRACY OR GRANY NO 86 ORIGINATOR'S REPORY WUMBENS)
b PROJECT NO Y-FOI"%-O2-336 R-320
< " 3..'."" I,DOO' NO(S) (Any other mambore Dot may bo soeigned
4

10 AVAILABILITY/LIMITATION NOTICES
Quolified requesters may obtain copies of this report from DDC.
Release to the Clearinghouse is authorized.

11 SUPPLEMENTAARY NOTES 12 SPONSORING WMILITARY ACTIVITY

BUDOCKS

13 ABSTRACY

An investigation was undertaken to determine the probability of ignition of thick wcods
by themal radiation. A carbon-arc source wos used to simulote the thermal radiation from
o nuclear weapon.

Measurements were made to determine the irrodionce ond time necessary to produce
glow ond floming ignition in ponderosa pine, Douglas fir, and mople. The results of this
study are presented in the form of graphs of irrodiance os a function of time for severol
moisture contents for each type of wood. In all cases on the graphs, the locations of the
oreas of char, persistent glowing ignition, and penistent floming ignition are shown. The
values of Q, total thermal energy necessary to produce sustoined buming (with or without
flome), con be easily computed from these datc. They ronge from o minimum value of about
19 cal/cm2 for very dry pine to several thousand colories/cm2 for wood with o very high
moisture content. |t was concluded that for sound solid woods of o nomal moisture content,
It is almost impossible to start continued ignition with nuclear weopons of a size less thon
obout 100 Mt at o distance where blast domoge would not be severe. An appendix describes
the high-intensity themmal-rodiation facility used to conduct the investigation.

DD ."2%. 1473 eior-00r-6100 Unclassified

Secunty Classification



Security Classification

XEY WORDS

LINK A LINK B LinNK C

AOLE " ROLE LS ROLE LAd

Themal radiation
Ignition

Wood

Thick

Simulation

Carbon arc

INSTRUCTIONS

V. ORIGINATING ACTIVITY Enter the name and address
of the contractor, subcontractor, grantee, Department of De
tense activity or other orgenization ‘comporate author) issuing
the repont.

2a. REPORT SECURTY CLASSIFICATION Enter the over ‘

| secunity classificatios of the report. Indic ate whether
““Restricted Date’' 1s included Marking 18 10 be 1n accord l
ance with appropriate secusity regulations.

2b. GROUJ Automastic downgrading is specified in DoD D
rective $200.10 oend Armed Forces Industrial Manual. t nter
the group number Alsc when spplicable, show that uptivnel
markings heve been used for Group 3 eand Group 4 as author-
1zed

3. REPORT TITLE Enter the complete report title 1n all
copital letters. Titles in all (anes should be undlassitied.

U o meaningful title canvot be selected without (lassifice |
tion, show title classification in all capitals 1n parenthes:s
immediately tollowing the utle.

4. DESCRIPTIVE NOTES Il eppropriete, enter the type of
teport, e.g., Interim, progress, summary, annual, or final.
Give the inclusive astes when a spectilic reporting period s
(overed.

S, AUTHORS)

Enter the name(s) of authons) as shown on
soin the report. Enter [ost name, (ust neme, middle 1nitial.
It military, show rank and branc h of service, The name of
the principal aythor 1o an ahsolute minimum requirement.

o. REPORT DATL. Enter the date of the report as day,
month, year or month, year. Hf mote than une date apperars

'n the report. use date of publicetion.

a TOTAL NUMBER OF PAGES The total page «ount
should tollow normal paginetion procedures L e, enter the
Wt pages contaning information
Tt NUMNiEK OF REFERENCES Enter the total number of
tefetenc es ited in the report.

Ba (ONTRACT OR GRANT NUMHEK [t aqppropriate, enter
‘he applic able number of the (ontrect or grent under whic h
the repornt was written

SH M, & 84 PROJECT NUMBER  Enter the appropriste
“ilitary department 1dentific ation, such as prorect number,

sulpruject number, system nurters, task number, eto. |

ORIGINATOR'S REPOS T NUMBER(S)

nun.t.er

Va Entet the oth-

imposed by secunty (lassihication, using standard stetenents
such as

(1) “Qualified req. rers may obtein « of this

report from DDC."’

pies

(2} "Foreign announcement and dissemination of thas
report by DDC 1s not authorized '’

(H U S Governme:t sgencies may obtain copies of
this report duectly from DDC. Other qualified DDC
users shall request through

(4) U S muilitary agencies may obtain copies of this

teport directly from DDC.
shall request through

Other qualified users

(S Al distribution of this report s controlled Qual-
itied DDC users shall request through

"

It the report has been furnished to the Office of Tedchnical
Services Department of Commerie, for sale to the public, inds-
tate this lact and enter the price, il known

11, SUPPLEMENTARY NOTFS Use for additional explane-
tory notes,

1L SPONSORING MILITARY ACTIVITY Enter the name of
the departmental project otfice or Laboratory sponsoring ‘pey
ing for) the resear. h ard development, Include address.

1V ABSTRACT Enter an abstrac! giving « brief and factual
summery of the document indicative of the report, even though
it Mmay also appear elsewhere 1n the body of 'he technical re
port It additional space 18 requited 4 ontinuaetion sh-=ctl shal'
be attehed

It 1s highly desirable that the abstract {  lussificu teports
be unclassitied Each paregraph of the abatract shall end with

ant indication of the militery secunity lassaf cation of the in

formaetion in the paragrefh tepresented o8 TH s ¢ O (s
Theee 1s no limiteiton un the length o the abstract How

ever the suggested length s from (S0t P08 words

14 KEY WORDS Key words are echnically meaningtul terms

it short phrases thet (harecterize o report and may be uscd as
Inden entties for cotaloging the report Key words must tx

cial report number by which the document will be 1dentified selected s that no security classifi ation :s required  ldents
and controlled Ly the originating activity. This number must fiers such as equipment mode! designati n trade name military
be unique to this report, project ©sde name geographis location may be ysed as bey
96 OTHER REPORT NUMHER(S! It the report has been words tut will be tollowed by an indi ativn of techaical con
essigned any other report numbers ‘erther by the otiginator text The assignment of links r@les and weights 1s optional
wr by the spunsor). also enter this numberis). |
10, AVAILABILITY LIMITATION NOTICES  Enter any Lim
itations on futher dissemination of the report other than those|

Unclassified

Secunty Classification



